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(54)  Electrical  heating  control  device 

CM 
<  

(57)  An  electrical  control  device  1  0  for  controlling  an 
electric  heating  system,  the  device  comprising  an  input 
12,14  for  receiving  a  metered  electricity  supply;  an  out- 
put  16,  18  for  connection  to  the  heating  system;  switch 
means  22  connected  between  the  input  and  the  output; 
communication  means  26  for  receiving  transmitted  tariff 
messages  containing  data  relating  to  the  cost  of  the 
electricity  being  supplied;  a  control  circuit  24,  32  respon- 
sive  to  the  communication  means  to  close  the  switch 
means  during  one  or  more  periods  when  the  cost  of  the 
electricity  is  relatively  low;  manually  operable  means  21 
for  closing  the  switch  means;  sensing  means  34,  36  for 
sensing  the  amount  of  electricity  supplied  to  the  heating 
system,  the  control  circuit  being  responsive  to  the  sens- 
ing  means  to  accumulate  the  amounts  of  electricity  sup- 
plied  during  one  or  more  of  said  periods;  and  display 
means  38  for  producing  a  display  representative  of  said 
accumulated  amounts. 
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Description 

This  invention  relates  to  electrical  control  devices 
for  controlling  electric  heating  systems,  and  is  more  par- 
ticularly  but  not  exclusively  concerned  with  electrical 
control  devices  for  controlling  domestic  electric  hot  wa- 
ter  or  space  heating  systems. 

It  is  common  practice  to  supply  electricity  to  domes- 
tic  consumers  on  a  multi-tariff  basis,  with  relatively 
cheap  electricity  being  supplied  at  certain  off-peak  pe- 
riods,  eg  during  the  night.  However,  multi-tariff  supply 
typically  requires  a  multi-tariff  meter,  which  can  be  ex- 
pensive:  it  is  also  typically  time-based,  ie  controlled  by 
an  electrical  or  electronic  timer,  which  is  relatively  inflex- 
ible  and  can  easily  lose  its  synchronisation  with  the  in- 
tended  off-peak  switching  times. 

Additionally,  in  the  United  Kingdom  at  the  present 
time,  the  price  paid  by  the  electricity  distributors  to  the 
electricity  generators  varies  more  widely  and  more  fre- 
quently  than  used  to  be  the  case,  typically  changing  eve- 
ry  half  hour.  Consequently,  a  conventional  time-based 
multi-tariff  system  having  one  or  two  fixed  off-peak  pe- 
riods  is  no  longer  sufficiently  flexible  to  take  full  advan- 
tage  of  the  periods  when  electricity  costs  are  actually 
the  lowest. 

It  is  an  object  of  the  present  invention  in  its  broadest 
aspect  to  provide  an  electrical  switching  device  which 
can  be  used  in  conjunction  with  a  certified  single  rate 
meter  to  control  an  electric  heating  system  in  a  manner 
which  permits  the  equivalent  of  a  multi-rate  tariff  to  be 
applied.  It  is  a  further  object  of  the  invention,  in  its  more 
detailed  implementations,  to  provide  an  electrical 
switching  device  which  can  respond  to  frequently 
changing  electricity  costs  in  a  flexible  manner. 

According  to  the  present  invention,  there  is  provid- 
ed  an  electrical  control  device  for  controlling  an  electric 
heating  system,  the  device  comprising  an  input  for  re- 
ceiving  a  metered  electricity  supply;  an  output  for  con- 
nection  to  the  heating  system;  switch  means  connected 
between  the  input  and  the  output;  communication 
means  for  receiving  transmitted  tariff  messages  con- 
taining  data  relating  to  the  cost  of  the  electricity  being 
supplied;  a  control  circuit  responsive  to  the  communica- 
tion  means  to  close  the  switch  means  during  one  or 
more  periods  when  the  cost  of  the  electricity  is  relatively 
low;  manually  operable  means  for  closing  the  switch 
means;  sensing  means  for  sensing  the  amount  of  elec- 
tricity  supplied  to  the  heating  system,  the  control  circuit 
being  responsive  to  the  sensing  means  to  accumulate 
the  amounts  of  electricity  supplied  during  one  or  more 
of  said  periods;  and  display  means  for  producing  a  dis- 
play  representative  of  said  accumulated  amounts. 

In  use,  since  the  control  device  is  intended  to  be 
used  in  conjunction  with  a  metered  electricity  supply,  the 
user's  electricity  bills  remain  primarily  based  on  the 
readings  of  the  already  existing  (and  certified)  meter, 
hereinafter  called  the  primary  meter,  which  is  connected 
in  the  supply  circuit  up-circuit  of  the  device:  in  particular, 

the  primary  meter  does  not  need  to  be  changed  or  mod- 
ified.  However,  the  control  device  can  control  the  heat- 
ing  system  so  that  it  primarily  uses  low  cost  electricity, 
the  metering  means  meters  and  displays  a  representa- 

5  tion  of  the  amount  of  this  low  cost  electricity  usage,  and 
the  electricity  supplier  can  give  the  user  a  discount 
based  on  the  displayed  representation.  The  user  never- 
theless  retains  the  freedom  to  switch  on  the  heating  sys- 
tem,  using  the  manually  operable  means,  at  any  time, 

10  but  usage  outside  low  cost  periods  does  not  contribute 
to  the  displayed  representation  of  low  cost  usage,  and 
so  does  not  contribute  to  the  discount. 

In  one  embodiment,  the  communication  means  may 
comprise  a  radio  receiver  means  for  receiving  broadcast 

is  tariff  messages.  Such  a  system  is  particularly  suited  for 
the  UK  market,  for  example,  in  which  tariff  changes  are 
signalled  by  a  radio  signal.  Other  embodiments  are  nev- 
ertheless  possible,  for  example,  where  tariff  change 
messages  are  sent  by  power  line  communication  or  rip- 

20  pie  control  signals. 
The  display  means  may  be  arranged  to  display  di- 

rect  representations  of  said  accumulated  amounts,  eg 
in  kilowatt  hours,  in  which  case  it  would  typically  be  read 
by  the  electricity  supplier  at  the  same  time  that  the  pri- 

25  mary  meter  is  read.  Alternatively  and  preferably,  the  dis- 
play  means  may  be  arranged  to  display  representations 
of  said  accumulated  amounts  in  encrypted  form,  in 
which  case  the  user  could  send  details  of  the  encrypted 
representations  to  the  electricity  supplier,  for  example 

30  once  a  year,  in  order  to  obtain  the  aforementioned  dis- 
count. 

Where,  as  will  often  be  the  case,  the  load  represent- 
ed  by  the  heating  system  is  substantially  fixed,  the  sens- 
ing  means  may  simply  comprise  means  for  sensing  that 

35  current  is  flowing  through  the  device.  Alternatively,  the 
sensing  means  may  comprise  a  current  sensor,  such  as 
a  shunt,  for  producing  a  signal  representative  of  the 
magnitude  of  the  current  flowing  through  the  device,  and 
may  additionally  comprise  a  voltage  sensor,  such  as  a 

40  potential  divider,  for  producing  a  signal  representative 
of  the  electricity  supply  voltage,  the  control  circuit  includ- 
ing  analogue-to-digital  converter  means  connected  to 
receive  and  convert  the  or  each  sensor  signal  into  a  cor- 
responding  digital  signal,  and  being  arranged  to  derive 

45  said  accumulated  amounts  from  the  or  each  digital  sig- 
nal. 

The  control  circuit  preferably  comprises  a  micro- 
processor,  which  may  conveniently  also  serve  as  part 
of  said  analogue-to-digital  converter  means. 

so  Where  the  heating  system  is  thermostatically  con- 
trolled  at  a  desired  temperature,  the  control  device  is 
advantageously  programmable  to  control  the  heating 
system  so  that  it  reaches  the  desired  temperature  at  at 
least  one  user-selected  time.  In  this  case,  the  control 

55  circuit  is  preferably  arranged  to  sense  the  initial  opera- 
tion  of  the  thermostat  on  successive  days,  to  calculate 
therefrom  the  average  time  taken  by  the  heating  system 
to  reach  the  desired  temperature,  and  to  select  the  pe- 
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riods  for  which  it  closes  the  switch  means  in  depend- 
ence  upon  the  calculated  average  time. 

The  invention  will  now  be  described,  by  way  of  ex- 
ample  only,  with  reference  to  the  accompanying  draw- 
ing,  which  is  a  schematic  diagram  of  an  electrical  control 
device  in  accordance  with  the  present  invention. 

The  electrical  control  device  shown  in  the  drawing 
is  indicated  generally  at  1  0,  and  is  intended  to  control  a 
domestic  electric  hot  water  system.  The  device  1  0  com- 
prises  live  and  neutral  input  terminals  12,14  respective- 
ly,  which  are  connected  in  use  to  receive  a  metered 
mains  electricity  supply,  and  live  output  terminals  16,18 
respectively  which  are  connected  in  use  to  the  hot  water 
system,  the  terminals  12,  14,  16  and  1  8  being  disposed 
inside  a  plastics  housing  20.  The  live  input  terminal  12 
is  connected  internally  of  the  housing  20  to  the  live  out- 
put  terminal  1  6  via  one  pole  of  a  manually-operable  two- 
pole  switch  21  and  a  16  amp  switching  relay  22,  while 
the  neutral  input  terminal  is  connected  within  the  hous- 
ing  20  to  the  neutral  output  terminal  1  8  via  the  other  pole 
of  the  switch  21  . 

The  relay  22  is  connected  to  be  operated  by  a  mi- 
croprocessor  24,  which  receives  inputs  from  a  radio  tel- 
eswitch  receiver  26  of  the  kind  described  in  our  United 
Kingdom  Patent  No  2  070  897.  The  microprocessor  24 
also  receives  inputs  from  a  set  of  manually-operable 
control/programming  buttons  28,  from  a  manually-oper- 
able  "BOOST"  button  30  and  from  an  analogue-to-dig- 
ital  converter  32.  The  analogue-to-digital  converter  32 
is  connected  in  turn  to  receive  a  first  analogue  input  sig- 
nal  representative  of  the  magnitude  of  the  current  flow- 
ing  between  the  neutral  terminals  14,  18,  this  signal  be- 
ing  produced  for  example  by  a  shunt  34  connected  in 
series  between  the  neutral  terminals,  and  a  second  an- 
alogue  input  signal  representative  of  the  magnitude  of 
the  voltage  between  the  output  terminals  16,  18,  pro- 
duced  for  example  by  a  voltage  divider  36.  Although  the 
analogue-to-digital  converter  32  is  shown  for  the  sake 
of  clarity  as  a  self-contained  item,  it  can  be  at  least  partly 
constituted  by  the  microprocessor  24,  for  example  as 
described  in  relation  to  the  microprocessor  44  of  Figure 
1  of  the  aforementioned  patent. 

The  device  10  is  also  provided  with  a  liquid  crystal 
display  (LCD)  38,  which  is  energised  by  the  microproc- 
essor  24  and  can  be  cycled  between  a  variety  of  display 
modes  in  response  to  operation  of  the  buttons  28,  as 
will  become  apparent  hereinafter. 

Finally,  the  power  supply  (not  shown)  for  the  elec- 
tronic  circuitry  of  the  device  1  0  is  coupled  to  the  live  and 
neutral  input  terminals  12,  14,  ie  up-circuit  of  the  switch 
21  and  the  relay  22. 

Before  the  device  10  is  installed,  the  microproces- 
sor  24  is  typically  initially  programmed  to  assume  that 
the  electric  heating  element  in  the  hot  water  system  will 
take,  say,  three  hours  to  produce  a  full  tank  of  hot  water, 
and  that  the  user  will  require  such  a  full  tankto  be  avail- 
able  at,  say,  7.00  am  and  7.00  pm.  Once  the  device  10 
is  installed,  however,  the  user  can  enter  the  device  into 

its  programming  mode  via  one  of  the  buttons  28,  where- 
upon  these  initially  set  times  are  displayed  by  the  LCD 
38,  and  can  be  changed  by  the  user  if  desired,  using 
others  of  the  buttons  28. 

5  In  operation,  the  radio  teleswitch  receiver  26  re- 
ceives  and  decodes  digital  signals  broadcast  by  the 
BBC  by  modulating  them  on  its  Radio  4  transmission  at 
1  98  kHz,  these  signals  being  broadcast  on  behalf  of  the 
electricity  generating,  transmission  and  distribution 

10  companies.  The  digital  signals  include  cost  reflective 
messages  (CRMs)  indicative  of  the  respective  pool 
price  of  electricity  for  each  successive  half  hour  period. 
The  microprocessor  24  is  programmed  to  store  and  an- 
alyse  the  CRMs,  which  typically  exhibit  a  generally  sim- 

15  ilar  pattern  of  cost  variation  each  day,  so  as  to  identify, 
say,  the  six  CRMs  representing  the  lowest  cost  half  hour 
periods  in,  say,  the  four  hours  before  each  of  the  two 
target  times  for  a  full  tank  of  hot  water.  The  microproc- 
essor  24  then  closes  the  relay  22  during  each  of  the  six 

20  identified  periods,  so  heating  the  water  using  the  lowest 
cost  electricity.  The  current  state  of  the  relay  22,  ie 
whether  it  is  open  or  closed,  is  displayed  by  the  LCD  38, 
although  a  separate  light-emitting  diode  (LED)  or  other 
light-emitting  device  can  be  provided  for  this  purpose  if 

25  desired. 
However,  most  if  not  all  electric  hot  water  systems 

are  thermostatically  controlled,  so  that  when  the  hot  wa- 
ter  reaches  the  temperature  set  by  the  thermostat,  the 
thermostat  switches  off.  The  device  10  senses  this  via 

30  the  shunt  34  and  the  analogue-to-digital  converter  32, 
and  the  microprocessor  24  calculates  the  average  heat- 
ing  time  taken,  over  several  sucessive  days  or  heating 
cycles,  before  the  thermostat  initially  switches  off.  As- 
suming  that  this  calculation  determines  that  the  average 

35  heating  time  is  only,  say,  one  and  one  half  hours,  the 
microprocessor  24  modifies  the  switching  pattern  of  the 
relay  22  so  that  it  closes  during  three  of  the  lowest  cost 
half  hour  periods  in,  say,  the  three  hours  before  each  of 
the  two  target  times  for  a  full  tank  of  hot  water. 

40  The  adaptive  process  by  which  the  microprocessor 
24  identifies  the  CRMs  representing  the  lowest  cost  half 
hour  periods  and  measures  the  average  heating  time  to 
achieve  a  full  tank  of  hot  water  is  periodically  repeated, 
eg  on  a  weekly  basis,  so  as  to  continually  update  the 

45  actual  heating  control  profile  followed  by  the  device  1  0. 
For  some  (but  not  necessarily  all)  of  the  low  cost 

half  hour  periods,  for  example  some  or  all  of  the  night 
time  periods,  the  electricity  distributor  may  be  willing  to 
offer  a  discount  to  the  user.  These  periods,  hereinafter 

so  called  discount  periods,  are  identified  by  digital  signals 
transmitted  with  or  as  part  of  the  CRMs,  which  signals 
cause  the  microprocessor  24  to  measure  the  amount  of 
electricity  being  used  during  the  discount  periods.  The 
microprocessor  24  does  this  by  multiplying  together  the 

55  digital  current-  and  voltage-representative  signals  pro- 
duced  by  the  analogue-to-digital  converter  32,  and  ac- 
cumulating  the  results  in  a  non-volatile  memory,  eg  an 
EEPROM  (not  shown).  In  order  to  obtain  the  discount, 

3 
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the  user  periodically  operates  a  respective  one  of  the 
buttons  28,  which  is  arranged  to  cause  the  microproc- 
essor  24  to  encrypt  the  total  amount  of  electricity  stored 
in  the  memory  and  display  the  encrypted  result.  The  us- 
er  then  conveys  the  encrypted  result  to  the  electricity 
distributor,  eg  by  post,  and  the  distributor  calculates  the 
appropriate  discount. 

In  the  event  that  the  user  wishes  to  switch  the  hot 
water  system  on  at  times  outside  the  periods  which  lead 
up  to  the  programmed  target  times,  the  "BOOST"  button 
30  is  used.  Typically,  the  microprocessor  24  is  pro- 
grammed  to  close  the  relay  for  30  minutes  in  response 
to  a  single  operation  of  the  button  30,  and  for  one  hour 
and  two  hours  respectively  in  response  to  two  and  three 
operations  of  the  button  30  in  reasonably  rapid  succes- 
sion:  a  fourth  operation,  again  following  rapidly  after  the 
third,  cancels  the  operation  of  the  "BOOST"  facility. 
However,  the  microprocessor  24  does  not  measure  the 
amount  of  electricity  used  during  these  "BOOST"  peri- 
ods,  so  that  no  discount  applies  to  them,  unless  they 
happen  to  overlap  periods  identified  as  discount  peri- 
ods,  in  which  case  measurement  takes  place  during  the 
overlap  period  only. 

Similarly,  if  the  user  wishes  to  switch  the  hot  water 
system  off  at  a  time  when  the  relay  22  is  closed  by  the 
microprocessor  24,  the  switch  21  is  used.  However, 
since  the  power  supply  for  the  electronic  circuitry  of  the 
device  10  is  connected  up-circuit  of  the  switch  21  and 
the  relay  22,  the  electronic  circuitry  continues  to  oper- 
ate. 

Many  modifications  can  be  made  to  the  described 
embodiment  of  the  device  10. 

For  example,  the  shunt  34  can  be  replaced  by  an- 
other  suitable  current  sensor,  such  as  a  current  trans- 
former  or  a  Hall  effect  device,  in  which  case  it  can  be 
arranged  to  sense  the  live  current  rather  than  the  neutral 
current.  Also,  the  voltage  between  the  output  terminals 
16,  18  can  be  assumed  to  be  substantially  constant,  in 
which  case  the  voltage  divider  36  can  simply  be  omitted. 
In  the  limit,  the  electrical  load  represented  by  the  hot 
water  system  can  also  be  assumed  to  be  substantially 
constant,  in  which  case  the  current  sensor,  whether  it 
be  shunt,  current  transformer  or  Hall  effect  device, 
merely  needs  to  sense  whether  or  not  current  is  flowing 
at  the  output  terminals  of  16,  18  of  the  device  10,  and 
the  analogue  to  digital  converter  32  can  be  replaced  by 
a  simple  comparator  or  other  threshold  device. 

In  another  modification,  the  radio  receiver  means 
may  be  replaced  by  alternative  communication  means 
for  receiving  tariff  change  information,  for  example,  a 
ripple  control  or  power  line  communication  receiver. 

In  another  modification,  the  microprocessor  24  is 
arranged  to  display  the  amount  of  low  cost,  discounta- 
ble,  electricity  accumulated  in  the  EEPROM  or  other 
non-volatile  memory  directly,  eg  in  kilowatt  hours,  either 
along  with  an  encrypted  number  which  is  derived  from 
it  and  which  can  be  used  to  verify  it,  or  alone;  in  the  latter 
case,  the  electricity  distributor  would  read  the  displayed 

amount  at  the  same  time  that  the  primary  meter  is  read, 
typically  at  least  once  per  year. 

In  yet  another  modification,  the  switch  21  can  be 
omitted,  and  operation  of  the  "BOOST"  button  30  (or  of 

5  a  separate  "OFF"  button  (not  shown))  when  the  relay  22 
is  already  closed  can  be  arranged  to  open  the  relay  via 
the  microprocessor  24. 

Finally,  broadcast  digital  signals  can  be  arranged  to 
define  more  than  one  level  of  discount,  and  the  device 

10  10  can  be  programmed  to  identify  these  levels  and  ac- 
cumulate  separately  the  amounts  of  electricity  used  at 
each  level. 

is  Claims 

1.  An  electrical  control  device  (10)  for  controlling  an 
electric  heating  system,  the  device  comprising  an 
input  (12,14)  for  receiving  a  metered  electricity  sup- 

20  ply;  an  output  (16,  18)  for  connection  to  the  heating 
system;  switch  means  (22)  connected  between  the 
input  and  the  output;  communication  means  (26)  for 
receiving  transmitted  tariff  messages  containing  da- 
ta  relating  to  the  cost  of  the  electricity  being  sup- 

25  plied;  a  control  circuit  (24,  32)  responsive  to  the 
communication  means  to  close  the  switch  means 
during  one  or  more  periods  when  the  cost  of  the 
electricity  is  relatively  low;  manually  operable 
means  (21)  for  closing  the  switch  means;  sensing 

30  means  (34,  36)  for  sensing  the  amount  of  electricity 
supplied  to  the  heating  system,  the  control  circuit 
being  responsive  to  the  sensing  means  to  accumu- 
late  the  amounts  of  electricity  supplied  during  one 
or  more  of  said  periods;  and  display  means  (38)  for 

35  producing  a  display  representative  of  said  accumu- 
lated  amounts. 

2.  A  device  as  claimed  in  claim  1  ,  wherein  the  display 
means  (38)  is  arranged  to  display  direct  represen- 

40  tations  of  said  accumulated  amounts. 

3.  A  device  as  claimed  in  claim  1  or  claim  2,  wherein 
the  display  means  (38)  is  arranged  to  display  rep- 
resentations  of  said  accumulated  amounts  in  en- 

45  crypted  form. 

4.  A  device  as  claimed  in  any  preceding  claim,  where- 
in  the  sensing  means  (34,  36)  comprises  means  for 
sensing  that  current  is  flowing  through  the  device. 

50 
5.  A  device  as  claimed  in  any  one  of  claims  1  to  3, 

wherein  the  sensing  means  (34,  36)  comprises  a 
current  sensor  (34)  for  producing  a  signal  repre- 
sentative  of  the  magnitude  of  the  current  flowing 

55  through  the  device. 

6.  A  device  as  claimed  in  claim  5,  wherein  the  sensing 
means  (34,  36)  additionally  comprises  a  voltage 

4 
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sensor  (34)  for  producing  a  signal  representative  of 
the  electricity  supply  voltage. 

7.  A  device  as  claimed  in  claim  5  or  claim  6,  wherein 
the  control  circuit  (24,  32)  includes  analogue-to-dig-  s 
ital  converter  means  (32)  connected  to  receive  and 
convert  the  or  each  sensor  signal  into  a  correspond- 
ing  digital  signal,  and  is  arranged  to  derive  said  ac- 
cumulated  amounts  from  the  or  each  digital  signal. 

10 
8.  A  device  as  claimed  in  any  preceding  claim,  where- 

in  the  control  circuit  (24,  32)  comprises  a  microproc- 
essor  (24). 

9.  A  device  as  claimed  in  any  preceding  claim,  for  use  15 
where  said  heating  system  includes  a  thermostat 
for  controlling  it  at  a  desired  temperature,  the  device 
(10)  being  programmable  to  control  the  heating  sys- 
tem  so  that  it  reaches  the  desired  temperature  at  at 
least  one  user-selected  time.  20 

10.  A  device  as  claimed  in  claim  9,  wherein  the  control 
circuit  (24,  32)  is  arranged  to  sense  the  initial  oper- 
ation  of  the  thermostat  on  successive  heating  cy- 
cles,  to  calculate  therefrom  the  average  time  taken  25 
by  the  heating  system  to  reach  the  desired  temper- 
ature,  and  to  select  the  periods  for  which  it  closes 
the  switch  means  (22)  in  dependence  upon  the  cal- 
culated  average  time. 

30 
11.  A  device  as  claimed  in  any  proceeding  claim, 

wherein  the  communication  means  (26)  comprises 
a  radio  receiver  means  for  receiving  broadcast  tariff 
messages. 
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